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ABSTRACT: 

A microwave landing system employing a phased array antenna for the generation of narrow, 
scanning guidance beams in which broad beam antennas used for transmitting identification 
signals, fly-left, fly-right guidance signals and the like with broad coverage are eliminated by 
applying spoiling phases to the phase shifters of the array thereby broadening the beam shape of 
the array to a pattern substantially identical to the pattern of a broad beam antenna formerly 
used. The spoiling phases are applied to the array in the time slots allocated to transmission of 
broad beam signals and the broad beam signals are then transmitted by the array. The spoiling 
phases are removed from the array during the time slots allocated to transmission of narrow 
scanning beams and the narrow scanning beams are then transmitted by the array. Computation 
of spoiling phases to provide particular patterns for particular antennas is disclosed. 
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(54) Phased array antenna 

(57) A phased array antenna particular- 
ly applicable to microwave landing sys- 
tems generates broad and narrow 
beam patterns in a predetermined 
sequence. When a broad pattern is to 
be generated the phase shifters 28, 40 
of the or each array 18, 38 are energised 
in accordance with the equation 

d^fxl _ cf^x) 
dx 2 P(e) 

where <|>(x) is the phase function, c is a 
constant f(x) is the aperture illumina- 
tion function, P(G) is the desired pattern 
and x is the distance along the array. 
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SPECIFICATION 

Improvements in or r lating to phased array antennas 
SThepresentfnventionre.atestolmearphasedarrayante^ 5 

microwave landing systems for aircraft. m . rnuuflUP , fl ndina svstems (MLS) intended to 

The,,.™.*.™.!, under ^ 

meansfortransmittingazimuthsectorgu.dances^ 20 
20 and -12 degrees to -40 degrees of the ^ centerh ne «J JJJ* £ J ers 9 with the groun d 

and mea ^transmitd^ ?S^cKSS^SI of the azimuth and 

Forthe identification signals in both ^«^«^^S?S5,S coverage enabling early 25 
25 transmission in both elevation ar-muth .t -a de arable to ™"™J* them for the receipt of guidance 
acquisition and lock-on of s.gnala by airborne T e,ve ^. a " d r ^ 0 J Z d ! thecoverage of elevation scan and 
signals. Also, to prevent the acquisition ^^^^^^S^S^ are transmitted 
outside the coverage of azimuth sector *^ n ?*^™^^°™*^l^™ broad beamwidth antenna, 
with broad coverage. Such broad coverage ,s ^^^^^^^^ beamwidth 30 
30Ontheotherhand.pr«^8ionofelevabonorazi^ 

antenna. These differing requirements have ^SSSS^^S^^ and data transmission, 
sector guidance, right sector guidance. azimuth ,d n e ^^"'™ ° f broad beamwidth 

and elevation identification, side lobe S °PP;**'°^^^^^ type for 

non-scanning type and by providing ^^^^^^Zlng beam antennas may be of 35 
35 transmitting azimuth and elevation Proportional gu ^ance a-gnals. The sc g ^ ^ ^ 
the linear phased array type as descnbed in U.S. ™^*9SJ; 1 ~' l ° 3 o 78 523> 
hereinafter, or it may be of the beamport typ« ^£SSSIIS or planar phased arrays 

The presentation isappli^ 
for generation of the azimuth and elevation B u **^~ 8 '"^"^ t _ n i 1 | tt i ng fgcilrty identification, 

transmitting sector guidance, identification ""^"J^^^ a inning beam for proportional 
50 Briefly, the invention applies to a microwave landing systern in whKh a « g gnd |QW sjde 

guidance istransmitted by a phased array a ^ n ^^^^S"° 6 sid elobe levels are 
fobelevelsto provide accurate P"P ort '^ feeding elements of 

established by the dimensions of the array a"° b Y taper ol ^"^™ beWeen the element feed currents, 
the array, onthe afSum P tion*at^ of , methe pnase of the feed 

55 Scanning motion is .mparted to the narrow beam Dy ^^' ng as , t currents are adjusted by 

currents of each of the elements o "•jf^^^.^J^of a,, elements of the array. Antenna 
electronically controlled individual phase sh ^ h e ;" s ^^^^^ of adjacent elements is not constant 

theory has shown that if the phase difference between he J^^J 8 ^ signals are to be transmit! d 
the antenna pattern will be altered ^^^S£^JSSS are adjusted to values conforming to a 60 
60 in a broad beamwidth pattern, each of the »^"vj! h a a ^ diffe ^ M between feed currents of 
function hereinafter described which ^SSi^SSS^Sn^ currents at this time, hereinafter 



40 



45 



50 



55 



2 



GB 2 035 700 A 



2 



phases are removed from the phas shifters which are then adjusted t conform to the w II known formula 
-2wnd . 

^> n = -y— sino. g 

5 In this formula <b„ is the phase shift applied to the feed current at array element n, d is the distance of element 
n from the center of the array and a is the angle between the axis of the beam and the normal to the axis of 
the array. Scanning motion is imparted to the beam by causing a to vary with time. Thus by readjusting the 
phase shifters of the array to provide spoiling phases, during times when formerly the array antenna would 
10 have been idle and the transmitter would have been switched to broad beam antennas, the phased array 10 
antenna can perform the function of the broad beam antennas formerly required and the broad beam 
antennas, transmission lines connected thereto and the rf switch can be eliminated. 

ffrure Afunctional block diagram of a ground-based Microwave Landing System transmitter of the ^ 

15 ^Figures 2A-2D are diagrams illustrating the time sequence multiplex signal format currently approved as 
standard for the scanning beam Microwave Landing System. 
Figure 3 is a functional block diagram of the Microwave Landing System as improved by the present 

20 m F%ure4is a chart showing the spoiling phase v. antenna elementto be appliedto a particular linear 20 
phased array antenna for broadening the pattern during transmission of azimuth sector guidance signals. 
Figure 5 illustrates the antenna pattern obtained with and without the spoiling phases of Figure 4. 
Figure 6 is a plot of the spoiling phase v. antenna element for the particular antenna of Figure 4 for 
broadening the broadening pattern for transmitting azimuth identification signals. 
25 /%ure7illustratestheantennapattemobtainedwithandwithoutmespo.l.ngphasesofF.gure6 

Figures is a plot of the spoiling phase v. antenna elementto be appliedto a particular linear phased array 
antenna for broadening the pattern during transmission of elevation identification signals; and 
Fioure 9 illustrates the antenna pattern obtained with and without the spoiling phases of Figure 8. 
Figure 1 illustrates a microwave landing system of the prior art. For azimuth guidance a microwave 
30 oscillator 10 generates continuous wave energy when actuated by a system control unit 12. Energy from 
oscillator 10 passes through a modulator 14 where during certain signal sequences data is impressed 
thereon. In other signal sequences energy passes through modulator 14 without ™J" iaaon ;*™ 
modulator 14 energy is supplied to an rf switch 16 which, at the command of the system control unit 12, 
deoendino on the signal sequence involved, feeds the energy to a scanning narrow beam phased array 
35 18 o?to any one of three broad beam antennas 20, 22 or 24. Antennas 20-24 transmit, respective, 35 

left sector guidance, right sector guidance and identification signals. During the azimuth scanning beam 

18 Atthistimethebeamfromantenna18iscausedtoscanbackandforthor to and fro > about the 
centreline of the airport runway. Scanning motion of the beam of antenna 18 is generated by applying 
40 DrWesshrephese increments through digitally controlled phase shifters 28 to each of the radiating 
elemeniTooS 

phase shifters are incremented to provide smooth scanning motion of the beam. A l.nearphase d array 

antenna and beam steering control unit suitable for use with the present invention are described in greater ^ 

45 ^'a^STSSS'ISldmrtincrton signals occupy time s.ots interspersed with those of the azimuth 
guidance and identification signals. At the appropriate time in the signal sequence, the system control 12 
turns off oscillator 10 and energizes microwave oscillator 10'. Power from oscillator 0' flows through 
SSH 14', where it is either modulated or not modulated according to the s.gna sequence .involved I to 

50 an rf switch 16'. At the time slots designated for transmission of the elevation identification and data signals 
to wrteni , control 12 operates switch 16' to furnish power to a broad beam identification antenna 34 and 
fuppts dame 'modulator 14' for modulating the carrier from oscillator 10' with information pertaining to 
the station identification and other particulars such as antenna location and height At the time s^ote 
designated forthe transmission of elevation guidance signals the system control 12 operates switch 16 1 to 

55 furnfsh unmodulated powerto the power distribution network 36 of the elevation sc ™9^f^ 
array antenna 38. Simultaneously the syst m control 12 actuates the beam steering control un.t 3^wh ch 
controls the digital phase shifters 40 of th elevation array 38 to produce a smooth up and down 'scanning 
mot™ of 4rrJw elevation beam. Beam steering control unit 32' operates in the same manner a b am 
steering control unit 32 in computing the phase increments and their order of application forthe phase gQ 

60 *5KlJnal fformatldopted as standard for time reference scanning beam MLS is shown in simplified form 
in Fiaures 2A through 2D. All signals are transmitted on the same frequency utiliang time division 
lltiDlexinVto separate the signal functions. As seen in Figure 2A the complete format cycle comprises 
y$£2S£tt^W and ends at a precisely synchronized time but each of which differs 

65 s ightfy -in duration to prevent accidental synchronization with interfering sources. Refemng to Figure 2B, 
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each of th sequences comprises an elevati n function 50, an azimuth function 51, followed by two elevation 
functions 50* and 50". A basic data word no. 1 is appended to elevation function 50' during tn ven 
numbered sequences of Figure 2A. A basic data word no. 2 is appended to elevati n function 50 only during 

5 ^Referring to Rgure 2C each of the elevation functions 50, 50' and 50" begins with a preamble 52, which 
according to the prior art system of Figure1,is transmitted by broad beamed antenna 34. The preamble 
Conveys digital data, by means of differential phase shift keying in modulator 14' of the camerfrom osallator 
W (Figure 1 ), which includes a code enabling airborne receivers to synchronize with the ground^ system, the 
identification of the facility, and the minimum selectable glideslope. Following the preamble, switch 16 

10 SJS Tenets L elevation phased array antenna 38 and the narrow elevatior .beam commences scan, 
undo the command of steering control unit 32', from the highest elation angle (16 degrees m one 
embodiment) towards 0 degrees elevation. This period of scan is shown in segment 53. Afte reaching 0 
aegree eTevaion, oscillator 10' is switched off by system control 12 for 400 f . Then the escalator is 
rSh/ated and scan is conducted from 0 degrees elevation to 16 degrees elevation during the penod which 

,5 lE^SSi Basic data word no. 2. appended to elation function 50" in sequence ,3 .contains 
?nformation on the location of antenna 38 relative to the airport runway. Basic data wort no 1 is appended to 
Sation function 50' during even numbered sequences. Data word no 1 ^transmitted by broac beamed 
antenna 24 (Figure 1) and may contain information such as surface winds, runway conditions and the . M». 
Sfrfng to Rgure 2D, azimuth function 51 commences with a preamble, the initial portion 55 of whu* ,s 

20 transm^S 

^^rt™The concluding portions 56-59 transmitted sequentially by antennas 20 and 22 (F.gure 1 ) 
conta S^guldanle and sidelobe suppression signals. Antennas 20 and 22 are both broad beame and 
£ one embodiment antenna 20 has coverage extending from about + 10 degrees to about +40 degreesfrom 
Se mnwavcen^ne and antenna 22 provides coverage from about -10 degrees to -40 degrees. The 
25 !ZZSd«^b«Ri transmitted by phased array antenna 18 (Figure 1 ) in this embodiment is 3 25 
KeeTwi^ tree's and -12 degrees of the runway centerline Thus an aircraft 

SSS ray^n azimuth angle of greaterthan about +10 degrees but less than +40 degrees 
S2b , strong signal from antenna 20 which would be presented to the p.lot as an mstruct.on to fly 

30 "tollowina transmission of the preamble and sector guidance signals, switch 16 (Figure 1 ) energizes the 30 
JmutTohasS \™£ZeL 18 and under command of beam steering control unit 32, during segment 61, 
tt Harrow azSuTgulSance beam scans from an azimuth of +12 degrees to -12 degrees. When the scan 
reLhe^Sreeroscillator 10 is switched off for a period of 2600 „s., then turned on again as scan is 

an ^Lbte S thTsvstem of £e invention shown in Figure 3. Rgure 3 differs from Figure 1 ,n that the broad 
f P "S^„« 50 22 24 and 34and the rf switches 16and 16' of Figure 1 have been eliminated. In Figure 3 

Tra, Vienna !8. The output of modulator 14' is connected directly to . th. .power f^™^*^ 40 
40 the elevation phased array antenna 38. The beam steenng control units 32 and 32 of F.gure 1 are replaced ny 

memo^ ^ 

or Inrf In of the resoective arrays. At the time of transmission of basic data words nos. 1 and 2, the 
45 ZamUes ^SSKS^S^ance signals 56-59, as seen in Figures 2C and 2D, system control 12 45 

50 50 

arrays and to apply phase increments thereto providing uniform phase across th aperture of *e arrays 
Obviously switches 16 and 16' may be dispensed with since phased array antennas 18 and 38 are the only 

"rhfcnnSnhases are computed from formulas derived from the application of the principle of 

en IrfVho k some function which possesses a minimum value at some point on the array. The antenna 
Pattern can" be ZputdTimegratSng the contributions of elements within a limited distance along the 

arrays of many elements, the difference between the summation 
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N .2* 
F(9)- 2 Fie J X 91 

and the integral is negligible. By using the continuous aperture (integral) representation, the mathematics is 
5 simplified. Sampling theorem can then be used to apply the results to an array of a finite number of & 
elements. 
The array pattern is given by 

R8) s 2 ttxU A dx CD 10 

10 -D 

J 2 ' 

where 

F(8) is the array facto r 

6 is the angle off boreslght ^ 5 

15 D is the length of the array 

x is the distance along the array 

f(x) is the amplitude of excitation along the array 

X is the wavelength 

g(x,0) is the phase distribution along the array. 2Q 

20 

Since it is assumed that the pattern results from the contribution of elements within a limited distance of 
±e about the point x Q of the array at which g(x r 9) is at a minimum, the pattern is given approximately by 



25 n«jr/.i su 'V IB 

Expanding g(x,9) as a power series and discarding higher orderterms 
30 g(x,9) = g(x Q ,9) + g'(x 0 , 8) [x - xj 

+ g "(x Q , 8)&c-xJ a (3) 

36 

Now g(x,9) is at a minimum at x Q , hence the first derivative g'(Xo, 9) = 0 and equation (3) becomes 



40 2 

Substituting equation (4) in equation (2) 



4E Rei=J*o-'<" e ' A 



f* -x 0 1 



dx. 

(51 



50 j?* 



A J x o-* A 

(61 

55 The integral evaluated over the interval Xo±e is substantially equal to the integral evaluated from ± - and 
since 

Je - J e — V-F 



25 



30 



35 



g(x,9) = g (Xo, 9) + g" B)t^L «> ^ 



45 



Since «x) and g(Xo,6) are substantially constant through the interval of integration equation (5) can be 
simplified to 2 50 



60 



60 

equation (6) can b evaluated by letting 

-jjtg''(x,9) 65 



a = 



5 
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and by replacing th limits of integration with ± °°, then ^ 



171 



g(x,9) may be expressed as 
g(x,6) = $ (x) + x sin 9 



(8) 



10 and-1 g( X/ 61 - 4>' W + sin 9 (9) 10 

and|^g<x,e) = <t>"(x). (10) 
The power pattern, P(6), of the antenna is obtained by squaring equation (7) 

P(0) - F (0) 2 ^f 2 (x) g// |^ e) > (11) 



15 



20 Substituting equation (10) in equation (11) 
V'tx} 



25 



where K = constant 

The spoiling phases <t> <x) are obtained by re-arranging and integrating equation 12, thus 



30 ~-fMx) 



20 



25 



30 



(131 



A frequently employed excitation function, f(x), for a phased array antenna is theTay or function 

35 develop 35 
ff." The Taylor function is defined by 



40 



n-1 . 
i s 1 



L<x <.L 

CHI 



wherein 

L is one-half the array length, in wavelengths 

45 

(tn-D!) n-1 

F.r -i • H 

1 (n-1-i) ttn-1-i)! " a1 

50 n 



(15) 



40 



45 



50 



o = 



(16) 



yA 2 +(n-%) 2 



55 A .046- arc cosh n. ' 17 ' 



r\ = peak main beam voltage 
peak first sidelobe voltage 

60 Tjiss lected to set the sidelobe level and 

nisselectedtosettheapproximatenumberofequalsidelobes. 

II adequate approximation of the value of the spoiling phases may be obtained utilizing only the first two 
terms of equation 14 in the computation. Also the Vfe factor therein may be dropped, then 



60 
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«x»-Fo + 2F, cos— 



Jix (18) 

5 f 2 (x) - (F c 2 + F, 2 ) + 4FOF, cos^ + 2F, 2 cos^ ™ 
Assuming the beam to be formed by the spoiling phases is rectangular, then P(G) of equation 13 is 

P(8) s I ' ~ ~ " - (20) 

From equations 12, 19 and 20 

j ♦ 4F 0 F, cos- 

20 Integrating 



10 



15 



I 0 elsewhere 



25 



Integrating again 



30 



(211 



(22) 



0(X):K 



F^F, cos**. 



35 



L 2 c i *x* ) 

- . F, cos 

2* 2 1 L J 



♦ bx *d 



(23) 



The constants b and K are found from the limiting values 6 lf 9 2 , U -Land equations 9 and 21 as 



0' (x) + sin 8 = 0 
0'{-L) = -sin8 1 
40 0'(L)»-sin9 2 

^ _ sin 8 2 - sin 9 1 
-2L(F 0 2 + 2F 1 2 ) 



45 



b = 



-sinOi - si" ^2 



(24) 



(25) 



50 



55 



The final constant of integration, d, equation 23, is set to zero. 

From equations 1 , 8 and 23 the spoiling phase 0{n) required for each phase shifter of the array is 
0(n) = *fc 0 (x) RADIANS, x = nd 



(26) 



where n is the element number of the array and d is the interel ment spacing, in wavelengths. 
Applying the foregoing to a specific example of an azimuth phased array having the charact ristics 
L = 10.15^,35 elements spaced 0.58 X 
n = 8 
60 n = -27db 

From equation 17, A = 1 .209 
From equation 16, a = 1.053 
From equation 15, FVs = .V4%%, I = 1 /s, F 0 = 1 
65 a 9 degrees, 0 2 « 41 degre s 
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From equation 24, K = -.0221 A. 

^SjS^iiSp!^ ^ such an array are shown in Figure 4 and ^^V}™'""" 
appears in Figure 5 The pattern of Figure 5 is suitable for transmitting sector gu.dance signals, portions ^ 

5 ^chaS the "values of 9, and 8 2 to +40 degrees and -40 degrees, respectively, spoiling phases.for an 
anSaofSa^ 

Rgu?e 7 The pattern of Figure 7 is suitable for transmitting basic data word no. 1,Figure2B, and the 
^^0^^ antenna 34(F|gure i, is provided by app.ying spoiling phasesto the 10 

ohase shifters of the elevation phased array antenna 38.. 

L = 30.46 X, 41 elements spaced 0.743X 

n = 8 15 
15 Ti = -27db 

rn^oiLTp^ 

20 orSe? of the invention are likewise applicable to planar phased array antennas where '"d.v.dual phase 
SnmS of each row or column of the array is available. By controlling the phases of each row of elements 

shaoinc i il °the elevation plene can be achieved, while shaping in the horizontal plane is accomplished 
K^S^SSSi* Also, the invention can be used for generating ^^^^Xdbvl 
^mZrLrn described bv equation {20|. For example, the beam shape may be described by a 
the rectangu l^*™™*™^*^ is applicable to a segment of space angle. The spoiling phases are 

25 compose of two^onsea^ 

ZSoftt^ 
the junction of the aperture segments. 
The invention claimed is: 30 

30 

CLAIMS 



60 



d 2 0(x| c f^x) 
dx 2 " P(8) 



wherein: 
c is a constant; 

f(x) is the aperture illumination function; 
65 8 is the space angle; 



20 



25 



Z —.w lnornu to transmit sianals with broed beam coverage defined by said broad beam pattern, P(9), 
frequency energy to ' J ™^ shift from sa id phase shifters; readjusting said phase shifters to 

satTa^tconl^ the elements of said array with radio frequency energy to transm,t 

45Si9 2 n TmS 

Jd uniform .values of phase shift as a function of time while still maintain.ng constant the difference 

™ Sa ?TnhledTrrav antenna to provide transmission of signals with broad beam coverage and 50 
transmlsln of gnals ^th narro'w beam coverage in ordered sequence, said phased array^ ante nna having 
roSS of radiating elements with adjustable phase shifters for adjusting the relative P*™**™™* 
S * afc elements and signal sequence control means for controlling the sequence of transmission 
^^J^S^^^M broad beam signals, wherein there are provided: means for apply.ng 

55no"n^ 

array, said non-uniform values of phase shift satisfying the relationsh.p 



35 



40 



45 
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P(6) is the desired broad beam pattern function; 
x is the distance along the array; and 

0 (x) is the non-uniform phas function and means applying uniform values of phase shift to said phase 
shifters of said array to cause said array to transmit with a narrow antenna pattern in a direction determined 
5 by the uniform values of phase shift; said signal sequence control means selecting said means for applying 5 
non-uniform values of phase shift or said means for applying uniform values of phase shift according to 
whether or not transmission in a broad beam antenna pattern is desired. 

4. A phased array antenna as claimed in claim 3, wherein said means for applying non-uniform values of 
phase shift includes a plurality of sets of said non-uniform values, each of said sets broadening said array 

10 antenna pattern to a different extent, said signal sequence control means selecting a particular one of said 10 
sets when applying said non-uniform values to said phase shifters according to the function of the signals 
being transmitted in a broad beam antenna pattern. 

5. A method of operating a phased array antenna to provide transmission of signals with broad beam 
coverage and transmission of signals with narrow beam coverage in ordered sequence substantially as 

15 herein described with reference to Figures 2 to 9 of the accompanying drawings. 15 

6. A phased array antenna to provide transmission of signals with broad beam coverage and 
transmission of signals with narrow beam coverage in ordered sequence constructed and adapted to 
operate substantially as herein described with reference to and as illustrated in Figures 2 to 9 of the 
accompanying drawings. 
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